Insertional mutagenesis is a major mechanism by which retroviruses induce malignant growth of their target cells. (1) . The determination of integration sites in this case of promoterinsertion is relatively straight-forward; however, when activation is induced by a retroviral enhancer element, the integration event can occur at long distances from the target gene, making techniques such as restriction enzyme mapping and/or pulsed field gel electrophoresis, gene walking, etc., difficult and time consuming. Here we report the development of a novel approach for helping to establish whether the chromosomal sites of retrovirus integration are random or specific, by taking advantage of the interphase chromatin mapping procedure (2) . Thus, host flanking sequences of molecularly cloned integrated retroviral genomes were used as probes to determine whether they were localized to the same genomic region in normal interphase nuclei. If the molecular clones were derived from viruses that had integrated within the same locus (that is, a 200 kb stretch), hybridization with a pool of flanking-sequence probes should result in the detection of one or two spots in each interphase nucleus. Random integration events would be scored as multiple, dispersed spots. Three proviral clones the lymphoproliferative disecise virus of turkeys (LPDV) (3), designated pi 1, p30 and p67, containing 3-8 kb of host flanking sequences, were digested with Hindm and EcoRI, and the resulting fragments, specific for host sequences were sub-cloned in Bluescript SK vectors (Stratagene). ( 3 H) riboprobes (spec. act. 3xl0 7 cpm//tg), 500-800 b in size, and determined to be free of turkey cellular repetitive sequences, were prepared by using T7 RNA polymerase and ( 3 H)aUTP (50 Ci/mmol). Ficoll-purified lymphocytes derived from peripheral blood of healthy turkeys, were subjected to hypotonic treatment (0.075 M KC1) and then fixed on microscopic slides by the standard methanol/acetic acid (3/1 v/v) procedure. In situ hybridization was performed by using a modification (4) of the method of Harper et al. (5) . Slides were autoradiographed for 7 to 14 days, developed and stained with giemsa.
When hybridization was performed individually with each of the different RNA probes, 82 to 92% of the interphase cells exhibited one or two silver grains per nucleus (Figure la) . A similar pattern (82%) of signals was obtained after hybridization with a pool of three different probes (67/1, 67/2 and 67/3) derived from the host flanking sequences of the same LPDV clone ( Figure  lb) . On the other hand, hybridization with a pool of three probes derived from different LPDV clones (11/1, 30/1 and 67/1) produced an entirely distinct pattern of hybridization signals in which 74% of interphase cells showed three to six silver grains randomly distributed within the nucleus (Figure lc) . These results indicated that the three cloned LPDV proviruses originated from three separate chromosomal loci.
The Inverse Polymerase Chain Reaction method (6), makes possible direct amplification of host flanking sequences of integrated retroviruses (7) . Thus, the presented approach is attractive and useful in determining the occurrence of common integration sites of tumor-inducing retroviruses, employing amplified adjacent host sequences as probes for the in situ technique without first isolating molecular clones. • To whom correspondence should be addressed
